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BICMOS LOGICAL CIRCUITS 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 
The present invention relates to improved logical 

circuits having a high speed, current driving capability 
by the use of CMOS transistors and bipolar transistors. 

2. Description of the Prior Art 
Conventionally, there were some problems in the 

logical circuits, such as NAND circuits. F IG. l shows a 
logical circuit consisting of CMOS transistors i.e., two 
input NAND circuit, which is comprised of a NAND 
operational portion 1 and two inverter circuits 3 and 5 
connected in series. 
The NAND operational portion 1 consists of a pair of 

P-channel MOS transistor (which is referred to as 
PMOS transistor hereafter respectively) 7 and N-chan 
nel MOS transistors (which is referred to hereafter as 
NMOS transistor, respectively) 9 and 11, and PMOS 
transistor 13 and NMOS transistors 15 and 17 which are 
connected between power supply VDD and ground and 
which perform the NAND logical operation of the 
input signals applied to the input terminals A and B. 
The inverter circuit 5 constitutes an output stage of 

the NAND operational portion 1 and it produces the 
result of the operation performed in the NAND opera 
tional portion 1 from the output terminal C after ampli 
fying it. 
When the NAND circuit is constructed only by the 

CMOS transistors in the manner as described above, it 
follows that the merits of the CMOS transistors are 
demonstrated, resulting in the reduction of power con 
sumption. On the other hand, however, since the trans 
fer conductance of the MOS transistor is small, com 
pared with that of the bipolar transistor, the current 
driving capability or performance becomes small, with 
the result that a high -speed operation is difficult to 
perform when the load capacity is increased. 

In order to overcome the drawback described above, 
the current driving performance is increased by making 
the size of the MOS transistors in the output stage large 
in accordance with the conditions of the load capacity, 
so as to perform the high speed operation in the NAND 
circuit according to the prior art. However, here again, 
this kind of the approach according to the prior art 
results in a large size of the circuit and this becomes an 
obstacle, particular in view of realization of less minia 
turization in the integrated circuits. 

Furthermore, when the NAND circuit is constructed 
only by the bipolar transistors, the current driving per 
formance can be increased, to be sure. However, a cur 
rent tends to flow through the circuit even in the steady 
state, thus increasing the power consumption. 
As has been described above, although the power 

consumption may be reduced in a sense by constructing 
the logical circuit by the use of'only the CMOS transis 
tors, it becomes difficult to obtain a large current driv 
ing performance from the miniaturized circuits. 
On the other hand, when the logical circuit is con 

structed only by the bipolar transistors, it results in the 
increase in the power consumption, i.e., antinomy oc 
curs in this case. As a result, it becomes not possible to 
increase the current driving performance without mak 
ing the size of the circuit construction large, while re 
ducing the power consumption. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a logical circuit capable of increasing the cur 
rent driving performance without increasing the size of 
the circuit construction, as well as reducing power 
consumption. ' 

It is another object of the present invention to pro 
vide a logical circuit capable of performing a high speed 
operation even if the capacity of a load is increased, 
with reduced power consumption. 
One feature of the present invention resides in a logi 

cal circuit which comprises: a logical operational por 
tion consisting of first and second type MOS transistors 
for performing a logical operation of input signals; an 
output control portion having an inverter for inverting 
an output signal from the operational portion and the 
remaining circuit portion comprising a first bipolar 
transistor connected between power supply and the 
ground and conductively controlled by the output sig 
nal from the inverter circuit, a first-type first MOS 
transistor conductively controlled by the output signal 
from the logical operational portion, a first-type second 
MOS transistor connected between an output terminal 
and the ground and conductively controlled by the 
emitter potential of the bipolar transistor, a first-type 
third MOS transistor conductively controlled by the 
output signal from the inverter circuit and a first-type 
fourth MOS transistor conductively controlled by the 
output signal from the logical operational portion, the 
first-type third and fourth MOS transistors being con 
nected in series between the output terminal and the 
ground; and an output portion consisting of a second 
bipolar transistor conductively controlled by the output 
_signal from the logical operational portion and a third 
bipolar transistor conductively controlled by the output 
signal from the source potential of the first-type third 
MOS transistor, the second and third bipolar transistors 
being connected in series between the power supply and 
the ground, for producing the result of the logical oper 
ation of the input signals, with the junction of the series 
connected bipolar transistors being the output terminal 
of the logical circuit. 
Another feature of the present invention resides in a 

logical circuit which comprises: a logical operational 
portion consisting of first and second type MOS transis 
tors for performing a logical operation of input signals; 
an output control portion having an inverter circuit 
portion for inverting an output signal from the opera 
tional portion and the remaining circuit portion com 
prising a first bipolar transistor connected between 
power supply and the ground and conductively con 
trolled by the output signal from the logical operational 
portion, a first-type first MOS transistor conductively 
controlled by the output signal from the logical opera 
tional portion, a first-type second MOS transistor con» 
nected between the power supply and the ground and 
conductively controlled by the emitter potential of the 
first bipolar transistor, a first-type third MOS transistor 
conductively controlled by the output signal from the 
inverter circuit and a first-type fourth MOS transistor 
conductively controlled by the output signal from the 
operational portion, first-type third and fourth MOS 
transistors being connected in series between the output 
terminal and the ground; an output portion consisting of 
a second bipolar transistor conductively controlled by 
the output signal from the inverter circuit and a third 
bipolar transistor conductively controlled by the source 
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potential of the first-type fourth MOS transistor, the 
second and third bipolar transistors being connected in 
series between the power supply and the ground, for 
producing the result of the logical operation of the input 
signals, with the junction of the series connected bipolar 
transistors being the output terminal of the logical cir 
cuit. 
These and other objects, features and advantages of 

the invention will be better understood from the de 
tailed description of the invention with reference to the 
accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a two-input logical NAND circuit 
according to the prior art, 
FIG. 2 shows one embodiment of the logical NAND 

circuit according to the present invention, 
FIG. 3 is the characteristic of response between the 

input signal and the output signal of the NAND circuit 
of FIG. 2, , 
FIG. 4 is the characteristic of a low level output 

voltage VoL and a low level output current IoL of the 
circuit of FIG. 2, 
FIG. 5 is the characteristic of a high level output 

voltage VoH and a high level output current IoH of the 
circuit of FIG. 2, and 
FIG. 6 shows another embodiment of the NAND 

circuit according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 2 shows one embodiment of the logical NAND 
Y . circuit according to the present invention which com 
! prises a NAND operational portion 21, an output por 
» tion 23, and an output control portion 25. 

The NAND operational portion 21 is comprises of 
the PMOS transistors 27 and 29 and the NMOS transis 

.. tors 31 and 33. The PMOS transistors 27 and 29 have its 
.~ . gate terminal or electrode connected to each of the 

input terminals IN 1 and IN 2 through each of resistors 
-R, R for input protection, its source electrode con 

rlf nected to the power supply VDD and its drain electrode 
‘ >connected to each other, respectively. 

The NMOS transistors have its gate electrode con 
nected to each of the input terminals IN 2 through each 
of the resistors R, R for the input protection, and each 
of the NMOS transistors is connected in series to each 
other, between the drain electrode of the PMOS transis 
tor 27 and the ground. The NAND operational portion 
21 performs logical NAND operation of the input sig 
nals applied to the input terminals IN 1 and IN 2 and 
produces the result of the operation at the output termi 
nal 35. 
The output portion 23 comprises two NPN-type bi 

polar transistors 27 and 39 (which is referred to as Bi 
NPN transistor hereafter, respectively) connected to in 
a totem pole manner. The Bi-NPN transistor 37 has its 
base electrode connected to the output terminal 35 of 
the NAND operational circuit, its collector electrode 
connected to the power supply VDD, and its emitter 
connected to the output terminal OUT to be connected 
to a load, not shown here, respectively. The Bi-NPN 
transistor 39 has its collector connected to the output 
terminal OUT and its emitter connected to the ground, 
respectively. 
The output control portion 25 comprises an inverter 

circuit 41, a Bi-NPN transistor 43 and four NMOS 
transistors 45, 47, 49, and 5l. The inverter circuit 41 is 
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4 
connected in series between the power supply VDD and 
the ground and it comprises the PMOS transistor 53 and 
the NMOS transistor 55 which have its gate electrode 
connected to the output terminal 35, respectively. The 
Bi-NPN transistor 43 has its base terminal connected to 
the drain electrode of the PMOS transistor 53 and its 
collector terminal connected to the power supply VDD. 
The NMOS transistor 45 has its gate terminal connected 
to the output terminal 35, its drain electrode connected 
to the emitter electrode of the Bi-NPN transistor 43 and 
its source electrode connected to the ground. The 
NMOS transistor 47 has its gate electrode connected to 
the emitter of the Bi-NPN transistor 43, its drain elec 
trode connected to the output terminal OUT, and its 
source electrode connected to the ground, respectively. 
The NMOS transistor 47 is provided so as to permit 

the output terminal OUT to be the ground potential in 
a low level condition of the output terminal OUT by 
flowing a current from the output terminal OUT to the 
ground. The NMOS transistor 47 is not necessarily 
required to be large and it depends upon its application. 
In other words, the size of the NMOS transistor 47 is 
normally made large in order to increase the current 
IoL, but it is basically for permitting the output signal to 
be the ground level as its function. 
The NMOS transistor 49 has its gate electrode con 

nected to the base terminal of the Bi-NPN transistor 43, 
its drain electrode connected to the output terminal 
OUT, and its source electrode connected to the base 
terminal of the Bi-NPN transistor 39. The NMOS tran 
sistor 51 has its gate electrode connected to the output 
terminal 35, its drain electrode connected to the base 
terminal of the Bi-NPN transistor 39 and its source 
electrode connected to the ground. The output control 
portion 25 thus constructed functions to control the ON 
and OFF conditions of Bi-NPN transistor 39 and the 
NMOS transistor 47 in accordance with the signal ap 
plied from the output terminal 35. 
The operation of the NAND circuit according to the 

present invention is as follows; 
When input signals having a high level respectively 

are applied to the input terminals IN 1 and IN 2, the 
PMOS transistors 27 and 29 are rendered non-conduc 
tive while the NMOS transistors 31 and 33 are rendered 
conductive. As a result, the output terminal 35 becomes 
a low level condition and this in turn renders the Bi 
NPN transistor 37 non-conductive, as well as rendering 
the NMOS transistors 45 and 51 non-conductive. In 
addition, the PMOS transistor 53 constituting the in 
verter circuit 41 is rendered conductive while the 
NMOS transistor 55 ̀is rendered non-conductive. Con 
sequently, the base terminal of the Bi-NPN transistor 43 
becomes a high level condition and the Bi-NPN transis 
tors 43 and 47 as well as the Bi-NPN transistor 47 are 
rendered conductive. In this case, the gate electrode of 
the NMOS transistor 49 becomes high level condition 
and it is rendered conductive. As a result, a current 
flows from a load to be connected to the output termi 
nal OUT to the base terminal of the Bi-NPN transistor 
39, thus rendering it conductive. 

Consequently, a current flows from the load to the 
ground through the Bi-NPN transistor 39 and NMOS 
transistor 47 and the potential at the. output terminal 
OUT is lowered to the ground potential, with the result 
that the potential at the output terminal OUT becomes 
low level condition. This means that when high level 
input signalsv are applied to the input terminals IN 1 and 
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IN 2, a low level' output signal is produced from the 
output terminal OUT. 
On the other hand, when a low level input signal is 

applied to either the input terminal IN 1 or IN 2, either 
one of the PMOS transistors 27 and 29 is rendered con 
ductive, and either one of the NMOS transistors 31 and 
33 is rendered non-conductive, so that the output termi 
nal 35 becomes high level condition. As a result, the 
PMOS transistor 53 is rendered non-conductive while 
the NMOS transistor 55 is rendered conductive, thus 
rendering the Bi-NPN transistor 43 and NMOS transis 
tor 49 non-conductive. 
On the other hand, since the output terminal 35 be 

comes high level condition, the Bi-NPN 37 is rendered 
conductive. This in turn renders the NMOS transistors 
45 and 51 conductive and the gate electrode of the 
NMOS transistor 47 as well as the gate electrode of the 
Bi-NPN transistor 39 becomes low level condition re 
spectively, while the NMOS transistor 47 and Bi-NPN 
transistor 39 are rendered non-conductive. As a result, a 
current flows from the power supply VDD to the load to 
be connected to the output terminal OUT, so that the 
potential at the output terminal OUT is increased up to 
near the power supply voltage and the potential at the 
output terminal OUT becomes high level condition. In 
short, when a low level input signal is applied to either 
one of the input terminals IN 1 and IN 2, a high level 
output signal is produced at the output terminal OUT. 
Accordingly, the NAND operation can be performed 
in this circuit. 
FIG. 3 shows the result of simulation of response 

between the input signal and the output signal obtained 
from the NAND circuit shown in FIG. 2. In FIG. 3, the 
time T1 during which the input signal is increased to à 
potential of the input amplitude and the output signal is 
decreased to à potential of the output amplitude is 3.0 
nsec and the time T2 during which the input signal is 
decreased to à potential of the input amplitude and the 
output signal is increased to à potential of the output 
amplitude is 3.5 nsec. This means that a high speed 
NAND operations can be performed. 
FIGS. 4 and 5 show respectively the current driving 

performance of the NAND circuit of FIG. 2. Namely, 
FIG. 4 shows the characteristic of the voltage VoL vs. 
the current IoL. It will be appreciated from the charac 
teristic that the current IoL becomes 25 mA when the 
voltage VoL=0.5 V. FIG. 5 shows the characteristic of 
high level voltage VoH vs. high level current IoH. It 
will be appreciated from this characteristic that the 
current IoH becomes 100 mA when the voltage VoH is 
2.8 V. This shows that a sufficient value can be'obtained 
both in the voltage and current of IoL and VoL, thus 
realizing the high current driving performance. More 
over, since no current flows through the circuit thus 
constructed according to the present invention in the 
steady state condition, power consumption can be re 
duced, as well. 
FIG. 6 shows another embodiment of the NAND 

circuit according to the present invention. In this em 
bodiment, the inverter circuit 41 consisting of the 
CMOS transistors is connected to between the output 
terminal 35 of the NAND operational portion 21 and 
the base terminal of the Bi~NpN transistor 37 which 
constitutes the output portion 23 while the output termi 
nal 35 is directly connected to the base terminal of the 
Bi-NPN transistor 13, so as to perform AND operation. 
With this construction, the same NAND function as 
that of FIG. 2 can be realized as a whole by this circuit. 
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6 
In this second embodiment, same reference numerals 
are attached to the same constructing elements as those 
of the ñrst embodiment shown in FIG. 2. 
As described in the foregoing embodiments accord 

ing to the present invention, since the logical NAND 
operation of the input signals is performed in the 
NAND circuit constructed in such a manner that the 
output stage is constructed by bipolar transistors, and 
conductive and non-conductive conditions of the bipo 
lar transistors are controlled in accordance with the 
result of the operation in the logical operational portion 
which consists of CMOS transistors, a high current 
driving performance can be obtained without making 
the circuit construction large, yet with reduced power 
consumption. 
While the invention has been described in its pre 

ferred embodiments, it is to be understood that the 
words which have been used are words of description 
rather than limitation and that various changes and 
modifications may be made within the purview of the 
appended claims without departing from the true scope 
and spirit of the invention in its broader aspects. 
What is claimed is: 
1. A logical circuit which comprises: 
a logical operational portion (21) consisting of tirst 
and second type MOS transistors for performing a 
logical operation of input signals; 

an output control portion (25) having an inverter 
circuit (41) for inverting an output signal from said 
operational portion and the remaining circuit por 
tion comprising a ñrst bipolar transistor (43) con 
nected between power supply (VDD) and the 
ground and conductively controlled by the output 
signal from said inverter circuit, a ñrst-type first 
MOS transistor (55) conductively controlled by the 
output signal from said logical operational portion, 
a first-type second MOS transistor (47) connected 
between an output terminal and the ground and 
conductively controlled by the emitter potential of 
said bipolar transistor, a first-type third MOS tran 
sistor (49) conductively controlled by the output 
signal from said inverter circuit and a first-type 
fourth MOS transistor (51) conductively con 
trolled by the output signal from said logical opera 
tional portion, said ñrst-type third and fourth MOS 
transistors being connected in series between the 
output terminal and the ground; and 

an output portion (23) consisting of a second bipolar 
transistor (37) conductively controlled by the out 
put signal from said logical operational portion and 
a third bipolar transistor (39) conductively con 
trolled by the output signal from the source poten 
tial of the first-type third MOS transistor, said sec 
ond and third bipolar transistors being connected in 
series between the power supply and the ground 
for producing the result of the logical operation of 
the input signals with the junction of the series 
connected bipolar transistors being the output ter 
minal (OUT) of the logical circuit. 

2. The logical circuit as claimed in claim 1 wherein 
the logical circuit is a NAND circuit. 

3. The logical circuit as claimed in claim 1 wherein 
the first and second-type MOS transistors in the logical 
operational portion are PMOS and NMOS transistors, 
each gate electrode of which being connected to each 
of the input terminals and each of the source electrodes 
of the PMOS transistors is connected to the power 
supply, while each of the source electrodes of the 
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NMOS transistors is connected in series to each other 
and each drain of the PMOS transistors is connected as 
a common output terminal of the logical operational 
portion. 

4. The logical circuit as claimed in claim 1 wherein 
said first-type first, second third, and fourth MOS tran 
sistors are NMOS transistors, respectively. 

5. A logical circuit which comprises: 
a logical operation portion (21) consisting of first and 

second-type MOS transistors for performing a lo gi 
cal operation of input signals; 

an output control portion (25) having an inverter 
circuit portion (41) for inverting an output signal 
from said operational portion and the remaining 
circuit portion comprising a t'lrst bipolar transistor 
(43') connected between power supply (VDD) and 
the ground and conductively controlled by the 
output signal from said logical operation portion, a 
first-type first MOS transistor (45') conductively 
controlled by the output signal from said inverter 
circuit, a first-type second MOS transistor (47') 
connected between an output terminal and the 
ground and conductively controlled by the emitter 
potential of said first bipolar transistor, a first-type 
third MOS transistor (51') conductively controlled 
by the output signal from said inverter circuit- and 
a first-type fourth MOS transistor (49') conduc 
tively controlled by the output signal from said 
logical operational portion, said first-type third and 
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fourth MOS transistors being connected in series 
between the output terminal and the ground; and 

an output portion (23) consisting of a second bipolar 
transistor (37) conductively controlled by the out 
put signal from said inverter circuit and a third 
bipolar transistor (39) conductively controlled by 
the source potential of said first-type fourth MOS 
transistor, said second and third bipolar transistors 
being connected in series between the power sup 
ply andthe ground, for producing the result of the 
logical operation of the input signals, with the junc 
tion of the series connected bipolar transistors 
being the output terminal (OUT) of the logical 
circuit. 

6. The logical circuit as claimed in claim 5 wherein 
said logical circuit is a NAND circuit. 

7. The logical circuit as claimed in claim 5 wherein 
the ñrst and second type MOS transistors in the logical 
operation portion are PMOS and NMOS transistors, 
each gate electrode of which being connected to each 
of the input terminals and each of the source electrodes 
of the PMOS transistors is connected to the power 
supply, while each of the source electrodes of the 
NMOS transistors is connected in series to each other 
and each drain of the PMOS transistors is connected as 
a common output terminal of the logical operational 
portion. 

8. The logical circuit as claimed in claim 5 wherein 
said first-type first, second, third, and fourth MOS tran 
sistors are NMOS transistors, respectively. 

* * * i * 


